Human behavioral change is necessary if we wish to evolve into a more sustainable human society, but change is hard, especially given that many people equate environmentalism with personal sacrifice. This paper highlights a semester-long assignment in which undergraduate students examined five behaviors that claim to increase happiness with minimal ecological footprints. We used mixed methods to analyze students' self-reported positive and negative affect scores before and after completing each of the five activities, along with descriptions of the carbon footprint of each activity and student self-reflections on whether each challenge promoted "sustainability". Results indicated that students' positive affect increased with each activity, while negative affect decreased. Student reflections indicated that engagement with systems thinking can be used to examine the relationship between their own well-being and the ecological outcomes of each of their chosen activities, as well as alternatives that would decrease their footprint. In final reflections, 85% of students stated that they would promote these five behaviors among the general public to enhance sustainability efforts. We discuss using the Sustainable Well-being Challenge as a tool to promote behaviors that support both human and ecological well-being.
Introduction
In order to bring human consumption of natural resources within planetary boundaries, there is a critical need to shift human behaviors away from current exploitative practices [1, 2] . Present cumulative global consumption rates would require the equivalent biocapacity of 1.6 Earths [3] . Recent analysis of consumption across 43 countries suggests that household consumption is responsible for 65% of global carbon emissions, 81% of water use, 70% of land use, and 51% of material resource use [4] . Of course, consumption varies dramatically between wealthy and impoverished nations, and current evidence shows that consumption rates in low-income countries would be able to support 13.6 billion people if practiced on a global scale, while that of high-income countries could only sustain 2.1 billion people-merely one fifth of the current world population [5] . A change in the household consumption behaviors of high-income countries could lead to a drastic decrease in the cumulative human ecological footprint.
However, changing consumption behaviors is a complicated matter. Keeping up with the Joneses on the treadmill of consumption is a means by which people show their status and understand their value within society [6] . Likewise, modern consumption provides convenience-driving a single-occupancy vehicle to the grocery store to pick up processed foods in tidy packaging can be seen as much easier and less time-consuming than more hands-on ways of preparing a meal. As a result, environmentally-preferred behaviors can often be seen as inconvenient sacrifices at a minimum [7, 8] , or requiring drastic and unfavorable lifestyle changes at a maximum [7] . However, many researchers who study relationships between the environment and human well-being suggest that it is quite possible to be "environmentally friendly" while also improving personal affect and happiness [9, 10] .
The concept of sustainable well-being refers to individual and organizational pursuits that contribute to human happiness as well as environmental sustainability [9, 11] . Such a term holds great powers and implications for the future of the environment as well as the human species, as it creates a foundation for modern lifestyles in which environmental and human flourishing can be achieved simultaneously. Several human progress indicators have been developed to provide metrics showing that human well-being and ecological health can coexist, including the Genuine Progress Indicator, Index of Sustainable Economic Welfare, and the Well-being and Progress Index [12, 13] . Through these indices and related studies of human well-being, we find numerous non-consumptive behaviors that elevate the human experience without taxing the natural environment [7, 14, 15] . Nic Marks, a statistician who helped develop the Happy Planet Index, studies the role of happiness in sustainability and has concluded that the most impactful indicators of human happiness do not involve behaviors which degrade the environment or increase ecological footprints [16] . Building upon the groundbreaking work of Richard Easterlin, which demonstrated that rising per-capita income is not associated with a rise in happiness levels [17] , Marks criticizes the cultural importance of consumption, arguing that although GDP has been adopted as the key measure for national success, the metric was never envisioned to be used as an indicator of human welfare. Marks suggests that human well-being cannot be enhanced through income, GDP, and related consumption; rather, happiness can be promoted through five evidence-based behaviors: forming social connections, being physically active, taking notice or being mindful of the world, participating in lifelong learning, and giving as a form of helping others [18] . Marks claims that all of these actions can easily be accomplished without extracting resources, emitting carbon, or otherwise contributing to environmental degradation. Unlike wealth and income, these five indicators of happiness are able to be equally accessed and carried out by all populations, regardless of geographical location or demographic circumstances. Marks suggests that by promoting these behaviors, it is quite possible to achieve heightened levels of human and environmental well-being on a global scale [16] .
Higher education has a role to play in such behavioral change, both by modeling sustainable well-being through institutional practices and through research and teaching that engage tomorrow's leaders with a positive conception of sustainable consumption [19] . Competency-based learning, which integrates students' knowledge, skills, and attitudes, has been offered as one higher education approach to transformative behavior change [20] , with coursework that offers cross-disciplinary learning viewed as particularly beneficial [21] . The course Human Health & the Environment at the University of Vermont (UVM) is one of several courses designed to meet the campus Sustainability General Education requirement through a focus on sustainability competencies [22] . Moreover, this course encourages students to participate in active learning [23] , defined by Allen and Turner as "seeking new information, organizing it in a way that is meaningful, and having the chance to explain it to others" [24] .
The purpose of this paper is to highlight a semester-long assignment in UVM's Human Health & the Environment course, in which undergraduate students were required to examine the five evidence-based behaviors that Marks claims increase happiness without suffering a large ecological footprint: physical activity, social connection, mindfulness, lifelong learning, and helping others. Using a lens of positive psychology [25] , particularly with regard to providing students with authentic hope for the future [26] , we sought to determine whether students would discover positive aspects of human behavior that can lead to both human and ecological well-being through this "Sustainable Well-Being Challenge" (SWBC). We provide results from quantitative psychosocial survey data reported by the students (the validated Positive and Negative Affect Schedule (PANAS) survey), as well as qualitative data from students' written reflections. We provide the SWBC as a pedagogical tool to be used for teaching sustainability at undergraduate level, and we recommend that instructors situate the SWBC within the context of their own courses to best meet the needs of their students.
Materials and Methods

Course Context
UVM's Human Health & the Environment course is an introductory 100-level environmental health course, which has enrolled between 30 and 60 students for at least one semester each year since fall 2014. The course begins by situating "health" within a context of sustainability. After working collectively to define the term "health", we use the "sustainability buffet" teaching tool [27] as a starting place for students to grapple with the complexity of defining the term sustainability so that they may develop, reflect upon, and revise their own personal definitions of the term. Within this context, the lead author shares the evolution of her own current definition of sustainability with the class:
In this formula, human flourishing includes health and happiness that are equally accessible to all people, both individually and in relationships, in local communities and global society; while ecological flourishing includes resilient and stable global biotic and abiotic systems. From this starting point of discussing health in a context of sustainability, we watch Nic Marks' TED Talk The Happy Planet Index, [16] then posit the question of whether it is possible to engage in behaviors that enhance human well-being (health and happiness) without, as Marks suggests, "costing the planet".
Sustainable Well-Being Challenge
After discussing The Happy Planet Index, students are introduced to the semester-long SWBC series of six assignments (see Supplemental Material). The first five assignments are due every other week over the course of the semester and require students to (1) self-select an activity related to the week's SWBC topic (week 2-social connection, week 4-mindfulness, week 6-lifelong learning, week 8-helping others, week 10-physical activity), (2) complete the validated Positive and Negative Affect Schedule (PANAS) [28] immediately before and after completing their activity, and (3) write a reflection on their activity, PANAS results, all materials used that have a carbon footprint, and a summary of whether or not their activity supports Nic Marks' claim that the behavior improves well-being without "costing the planet". In class, students discuss their findings and compare and contrast outcomes of each activity (i.e., carbon footprint of activities and psychological well-being in relation to carbon footprint). The sixth and final assignment requires students to complete a final reflection comparing all five activities and discuss whether or not the student would promote these behaviors as tools to enhance human well-being with minimal ecological footprint [29] .
Data Analysis
We analyzed the SWBC assignments from 35 students who completed the Human Health & the Environment course during the 2017 fall semester. We used Microsoft Excel (2013) to calculate descriptive statistics and average pre-to post-activity change for PANAS surveys. Qualitative data from student reflections were coded and analyzed using directed content analysis [30] in NVivo 12 Pro (2019) .
This study was deemed exempt by the University of Vermont Institutional Review Board (Study 00000187).
Results and Discussion
Our results indicate that (1) the majority of students experienced personal benefit from increased positive affect and decreased negative affect after completing each of the five challenge activities,
(2) written statements indicate critical reflection and transformative learning among students, and (3) the majority of students would recommend promoting these activities as ways to support both human and ecological well-being.
Effect of Activities on Positive and Negative Affect
Measuring affect provides insight into a person's mood, which is an indication of psychological well-being. Positive affect is defined as "the extent to which a person feels enthusiastic, active, and alert," with high positive affect indicating "a state of high energy, full concentration, and pleasurable engagement, whereas low [positive affect] is characterized by sadness and lethargy" [28] . In contrast, negative affect is characterized by adverse mood states, with a high measure indicating "anger, contempt, disgust, guilt, fear, and nervousness, with low negative affect being a state of calmness and serenity." Our results indicate students' positive affect increased with each of the five SWBC activities, while negative affect decreased ( Table 1 ). Physical activity had the greatest increase in positive affect (+15), followed by helping others (+12), lifelong learning and social connection (both +9), and mindfulness (+8). Mindfulness had the greatest decrease in negative affect (−10), followed by physical activity and helping others (both −8), lifelong learning (−7), and social connection (−6). 
Critical Reflection and Transformational Learning for Sustainability
Systems thinking is increasingly used in the college classroom to help students grasp the complexity of interconnections in the world, particularly in relation to sustainability [31] . The interpretive approach to environmental sustainability using systems theory offers a pedagogical approach that we find useful for examining student learning in relation to real-world behaviors [32] . In particular, the interpretive approach suggests that students move through the processes of awareness, appreciation, and ethical action when interpreting and constructing knowledge. Our analysis of students' written reflections suggests that the SWBC afforded them with opportunities to conceptualize sustainability through the effects of human actions on social and ecological processes. The following quotations from student reflections provide evidence of deep engagement with systems thinking as it relates to personal action: I found this activity compelling because I was able to think a lot about how specific external factors (social and environmental) interact with my patterns and moods. One of the things I thought about, as well, was the fact that a discussion of privilege is necessary in globalizing this sort of approach. I am lucky to have a car in order to travel to my friends, lucky to be able to afford to take a night off, lucky to have access to a safe outdoor space! (Social connection reflection #4)
It is crucial to consider the fundamental input of any activity/product, no matter how negligible it may seem: the myriad industrial processes that turned sheep's wool into a consumer good on the store shelf, the fossil fuels that built and maintain the roads I drove on, the resource and energy intensity that goes into powering Michael's craft store where I purchased the materials, my living room where I learned the craft, the factories that manufactured the clothing on my back and furniture beneath me, so on and so forth. (Lifelong learning reflection #10) Furthermore, student reflections support the idea that transformational learning, in which critical reflection allows a learner to revise their assumptions and understanding of experiences, can function in support of sustainability education [33] [34] [35] . Here, we see that SWBC activities supported students' understanding of how human well-being can be attained through critical reflection of alternative actions that can improve happiness without reliance upon environmentally damaging materials:
There is no real reason to have to consume or use resource demanding items or emit carbon into the air in order to increase ones well being. There are many ways to go about that challenge while also having a very small carbon foot print. (Mindfulness reflection #3)
In this age of global climate change, it is crucial to consider our daily activities and their carbon footprints, and even though our activity did cost the planet in a significant way, at least I have the skills and worldview to be conscious of my actions, think critically about my actions, and do better in the future. (Helping others #11) Such learning allows for the transformational thinking that offers a foundation for future action and behavioral change in support of sustainability goals:
It is certainly a challenge shifting one's lifestyle from one way to another, especially being accustomed to being sort of mindless when it comes to being a consumer, but it is a new approach that I am happy to partake in. (Physical activity reflection #4)
Completing this suite of activities offered multiple refreshing reminders that I can indeed step outside the comfort of my usual routines and ways of living and emerge fulfilled, encouraged and overall more whole of a person. (Final reflection #9)
In final reflections, 85% of students stated that they would promote all five of these behaviors among the general public to enhance sustainability efforts ( Table 2) . For example, one student noted:
I do believe that all of these activities should be promoted, in order to help create a sustainable future. The most important and influential aspect about these activities that I have observed, is the fact that they all help cultivate a environmentally cognizant mindset. While some individuals will probably find some activities more effective than others, I think that the combination of all five helps to achieve a holistic understanding of sustainability. Having the mentality that sustainability is something that one can strive for in all aspects of life is crucial in fostering the idea of a flourishing future. (Final reflection #26) 
Limitations, Recommendations, and Further Research
Our analysis was limited by three key factors: (1) the SWBC relies on student self-selection of activities such that each activity differed in scope, effort, and time commitment and as such were not directly comparable, (2) the SWBC relies on student self-reporting, so we must assume that all information (especially PANAS scores) was provided accurately and in good faith, and (3) we did not collect demographic data so we cannot determine whether all SWBC activities benefited all students equally, and whether some populations are more likely to benefit than others. We recommend that educators revise the SWBC to best suit the needs of their unique learning environment, paying particular attention to cases where students identify activities that do not support Nic Marks' claim that these five behaviors promote human well-being without a large carbon footprint-those insights may indeed provide the best opportunity for expanding conceptual understanding. As one student reported:
Ultimately, everything we do has an impact on the environment in some way. Because of this, I do not support Nic Marks' statement that well-being [can] be increased without "costing the planet." The idea that we cannot be social without having an impact on the environment is most likely why my positive PANAS score decreased and my negative PANAS score increased. However, we can become more efficient with our resources so that we have a lesser impact on the environment.
(Social connection reflection #13)
Conclusions
Our aim has been to provide a pedagogical tool that may prove useful for transformative learning in higher education in order to promote social change toward more sustainable behaviors. Our findings show that students who completed the SWBC reported a mean increase in positive affect ranging from 8.3 to 15.4 points on the PANAS scale, depending on the activity, and a mean decrease in negative affect ranging from −5.8 to −10.3 points. Furthermore, students' written reflections on the SWBC assignments show critical engagement with the relationship between PANAS outcomes and the carbon footprint of selected activities, indicating that participants were able to identify the relationship between their own well-being and the ecological sustainability of each activity. Finally, 85% of students reported that they would recommend that the general public engage with all five of these behaviors in efforts to promote human well-being while limiting consumptive practices.
We invite the reader to adapt the SWBC tool to their teaching and learning context, test its effectiveness in promoting a positive view of environmentally-preferred behaviors that enhance human well-being, and evolve this teaching approach so that it becomes a more useful agent of social change in support of a more sustainable future in which both humans and our ecological communities may flourish.
